Introduction
Macrocycles and related compounds have been one of the most actively studied research areas of chemistry since Pedersen reported the first synthesis of macrocyclic compounds.
1 Hundreds of macrocycles have been synthesized in order to understand and investigate their unique properties such as their metal-ion chemistry, and spectral, electrochemical, structural, kinetic, and thermodynamic stabilities. 2 In 1969, Lehn et al. revealed a new class of azapolyoxamacrocycles, which are known as cryptands. 3 Cryptands have three-dimensional structures and a cage-like cavity capable of encapsulating the metal cation. The studies on these compounds showed that they have selective complexation towards specific alkali and alkaline earth cations and form more stable complexes than macrocyclic polyethers do. 4 Because of their unique architecture, stabilities, and functions, macrobicyclic compounds are used in a wide variety of areas, for instance, in ion size recognition, 5 separation of cations, 6 transport process in biological systems, and in industrial, technological, and other applications. There is strong demand to extract and separate heavy metals and precious metals from aqueous solution due to their toxicity 8 and commercial importance. 9 A goal of research on macrocyclic chemistry is to achieve selective complexation of heavy metals and precious metals with macrocycles and macrobicycles. For selective extraction of these metal cations, different parameters such as the ring size, the nature of substituents, and the type of donor atoms present in the cavity of macrocycles and macrobicycles have been modified.
10,11
There are many reports on the synthesis of macrocyclic systems containing different types of donor atoms 
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The synthesis of macrobicyclic ligands and their metal ion binding properties is reported least in the literature due to the challenge in the synthesis of these compounds. Our study focused on selective and effective extraction of heavy metals and precious metals from solution and determining the extraction behavior of macrocycles in liquid-liquid medium. For these purposes, we have previously reported the synthesis of a series of macrocycles and their metal ion binding properties in solvent extraction. 
Extraction of metal picrates
The metal ion binding properties of N-pivot lariat ether 2 and macrobicyclic ligand 3 were investigated using solvent extraction experiments in order to reveal the extractability of metal ions such as Ag
, and Co 2+ from aqueous phase to organic phase. Two different organic solvents, dichloromethane and chloroform, were used in the liquid-liquid extraction experiments. The results related to the extractability of the above metal picrates from aqueous phase to organic phase are given in Table 1 .
The metal ion binding properties of macrocyclic ligand 1 in dichloromethane and chloroform were reported before. 23 The cation-binding affinity of macrocyclic ligand 1 for Ag + over other cations in both organic solvents was found to be the highest. Ligand 2, which is a lariat ether compound having two side arms, showed behavior 
Metal Extractability
a,b (%) Extractability a,c (%) ion 1 2 3 1 2 3 Ni 2+ < 1 < 1 1.6 ± 0.5 < 1 0 < 1 Cu2+ < 1 < 1 2.8 ± 1.3 < 1 0 1.7 ± 0.5 Pb 2+ 0 0 2.9 ± 0.5 0 < 1 1.7 ± 0.5 Co 2+ 0 0 2.3 ± 0.1 2.2 ± 0.7 < 1 2.3 ± 0.5
27−29
Macrobicyclic ligand 3 with mixed oxygen-nitrogen-sulfur donors extracted all metal cations to the organic phase with different E% values. The results of extraction behavior of the hard, borderline, and soft metal ions with macrobicycle 3 indicated that the hard and borderline metal ions were hardly extracted. Macrobicyclic ligands, known as cryptands, have a cage-like cavity encapsulating the metal ions in it to form complexes. Cryptands form more stable complexes with metal cations than those of macrocycles due to the cryptate effect. 4 The extracted Ag-complex in chloroform for macrobicyclic ligand 3 has the biggest extraction constants among the others in chloroform, indicating that macrobicyclic ligand 3 formed the most stable complex with Ag + cation due to the cryptate effect and the number of sulfur atoms with respect to macrocycles 1 and 2.
Thermodynamic parameters for the complexation process are the free energy of the extraction process (∆ G
• ), change in the enthalpy extraction process ( ∆H • ), and change in entropy of the extraction process (∆ S • ). The effect of temperature on the extraction constant was determined by repeating the extraction experiment at three different temperatures (20, 30 , and 40 • C). 
Experimental

Materials
Chloroform, dichloromethane, picric acid, Pb( 
Equipment
FTIR spectra were measured on a PerkinElmer Spectrum 65 spectrometer in KBr pellets. Analytical TLC was performed using Macherey-Nagel SIL G-25 UV254 plates. Flash chromatography (FC) was carried out with ROCC silica gel (0.040-0.063 mm). 1 H NMR and 13 C NMR spectra were recorded on a Bruker Avance 400 spectrometer as indicated, with chemical shifts reported in ppm relative to TMS, using the residual ratio solvent signal as standard. 13 C NMR spectra were recorded using the attached proton test. ESI-MS spectra were recorded with an Agilent LC/MSD mass spectrometer. A LECO Elemental Analyzer (CHNS 0932) was used for elemental analysis. The spectrophotometric measurements were recorded with a PG-T80+ spectrophotometer in 1-cm path length cuvettes at room temperature. In the solvent extraction experiment, a Selecta type shaker with a thermostat was used. (300 mL). Chloroacetic anhydride (4.36 g, 38.65 mmol) in CH 2 Cl 2 (100 mL) was added dropwise through a dropping funnel over 3 h while the mixture was stirred under inert gas atmosphere at 0-5 • C. The progress of the reaction was monitored by thin layer chromatography using ethyl acetate/hexane (4:6) as the solvent system. The mixture was stirred for an additional 2 h under a nitrogen atmosphere at room temperature. At the end of this period, the reaction mixture was neutralized by adding saturated aqueous NaHCO 3 . The organic layer was separated and washed twice with a 100 mL portion of saturated aqueous NaHCO 3 and then twice with water, followed by drying over anhydrous Na 2 SO 4 . The solvent was evaporated under reduced pressure to give the crude product, which was purified by silica gel chromatography. The elution was carried out with hexane/ethyl acetate (6:4). The product was obtained as oil. 
Synthesis of dioxadiazaoctathia macrobicycle (3)
A solution of 2,2'-dithioethanthiol (0.90 g, 5.87 mmol) in dry acetonitrile (200 mL) in a dropping funnel and a solution of 2 (5.45 g, 5.87 mmol) in dry acetonitrile (200 mL) in a dropping funnel was added simultaneously under stirring and dry inert gas to dry acetonitrile (250 mL) containing anhydrous sodium carbonate (2.48 g, 23.48 mmol) over 2.5 h at reflux temperature. After addition was completed, the reaction mixture was stirred for another 16 h at reflux temperature. The reaction was monitored by thin layer chromatography [hexane/ethyl acetate (6:4)]. When the reaction was complete, the mixture was filtered and the filtrate was evaporated to dryness under reduced pressure. The yellowish oil was dissolved in CH 2 Cl 2 . The organic layer was washed twice with 100 mL portions of a 5% Na 2 CO 3 solution and then twice with water. The combined organic layer was dried over anhydrous Na 2 SO 4 and the solvent was evaporated under reduced pressure to give a crude product that was purified by silica gel chromatography. The elution was carried out with hexane/ethyl acetate (6:4).
The product was obtained as oil. to stand for at least 2 h at the same temperature in order to complete the phase separation. The concentration of the picrate ion remaining in the aqueous phase was then determined by UV-Vis spectrophotometer at 355 nm. A blank experiment was performed in the absence of host and showed that no picrate extraction occurred.
The extractability (E%) was determined as the absorbance of picrate in aqueous solutions. The extractability was calculated from the following equation:
where A 0 is the absorbance in the absence of ligand and A the absorbance in the aqueous phase after extraction.
The dependence of the distribution ratio D of the cation between the aqueous phase and the organic phase upon the ligand concentration was examined. The range of the ligand concentration was from 2.5 × 10 −6 to 7.5 × 10 −5 M.
The general extraction equilibrium was assumed from Eq. (2):
where the subscript "aq" denotes the aqueous solution and the subscript "org" denotes the organic solution.
The extraction equilibrium constant is expressed as
and the distribution ratio D is defined by
By introducing Eq. (4) in Eq. (3) and taking the log of both sides gives the following logarithmic expression, which is valid for the above extraction system: 22,23,27−29 
